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SUMMARY 


The origin of missiles is difficult to pinpoint, but the basic principles on 
which they are based are about as old as man. This paper attempts to put in perspec- 
tive the development of missiles from early history to present time. The influence 
of World War II in accelerating the development of guided missiles, particularly 
through German scientists, is discussed. The dispersion of German scientists to 
other countries and the coupling of their work with native talent to develop guided 
missiles is traced. Particular emphasis is placed on the evolution of the missile in 
the U.S. and the U.S.S.R. Since the Soviets possess what is probably the world's 
most complete array of dedicated missile system types, their known inventory is 
reviewed in some detail. Some philosophical observations of missile design trends 
and missile purposes are made as related to the interests of various countries. 


EARLY HISTORY 

The earliest form of a missile was probably a rock which, when hurled through 
the air, would follow a curved ballistic path from the launching point to a target 
(fig. 1). The use of such a missile is recorded in The Holy Bible, I Samuel 17:49-50, 
where the slaying of Goliath by David is described— "And David put his hand in his 
bag, and took out a stone, and slang it, and struck the Philistine in his forehead, 
that the stone sunk into his forehead; and he fell upon his face to the earth. So 
David prevailed over the Philistine with a sling and with a stone, and struck the 
Philistine, and slew him; but there was no sword in the hand of David." This event 
represents a form of standoff engagement (as opposed to hand-to-hand combat) using a 
mobile launcher— David, and his arm and sling; a ballistic missile--the stone; and 
initial guidance — David's eyes for tracking, his muscle for propulsion, his brain for 
coordinating, and the power of God. Other similar unpowered, ballistic missile 
stand-off weapons are the spear, the bow and arrow, the gun and bullet, the hand 
grenade, and so on. 

Some historians believe a form of rocketry or incendiary devices was established 
as early as 3000 B.C. The Greeks used incendiary missiles such as fire pots and fire 
arrows as early as the 4th century B.C. (fig. 2). Fire lances were mentioned in the 
4th century A.U. During the Arab siege of Constantinople, near the end of the 7th 
century, the Greek soldiers introduced the "Greek fire" against the dismayed attackers. 
Byzantine Emperor, Leo III, reported that the Greek fire was ejectable and could be 
used to destroy naval targets. Greek fire was also used by the Byzantines to repulse 
Igor the Russian at Constantinople in 941. Following the long use of incendiary 
materials, it is believed that some form of gunpowder was known at least as far back 
as the 1st century B.C. It appears that practical application of gunpowder to fire- 
works and rockets began about the 10th century. 
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Thi* literature indicates that around the yetr 1000 the Chinese had f I aine-throwi n.j 
devices, liy llJJf, they were usincj long bamboo tubes filled with explosive powder. In 
1232, the Chinese defended the city of Kai-fung-fu and repelled the Mongol attackers 
with the aid of "arrows of flying fire." This may have been the first recorded use 
of solid-propellant rockets. Details of these rockets reached Lurope by 1250 and are 
mentioned in 13tli and 14th century writings. Powder rockets were used in the war 
between Venice and Genoa in the 14th century where a previously impregnable defense 
tower was destroyed by a rocket. Pirates often used rockets for attacking the shore 
from ships during this time period. The use of gunpowder and descriptions of the 
necessary ingredients are mentioned in several places during this general time 
period. Recognizing that many sources may be overlooked, some recordings will be 
cited. In a 13th century manuscript entitled "Liber Ignium ad Comburendos Hostes" 

(Book of Fire), traditionally attributed to Marcus Graecus, thirty-five Greek pyro- 
technic recipes dating from the 8th to the 13th century are compiled. This manu- 
script refers to the use of the vital ingredient of gunpowder, saltpeter. Others who 
contributed documentation on the art of creating gunpowder around the 13th century 
were the German scientist, Albertus Magnus, and the Englishman, Roger Bacon. Another 
name traditionally tied to the development of gunpowder is Berthold Schwartz, or 
Bertholdus Niger, or Black Berthold. The use of the word "black" in connection with 
gunpowder or "bl ackpowder" is related by some back to Medieval Europe when the making 

of gunpowder was considered a "black art." During the 15th century, Leonardo da Vinci 

prepared drawings of rockets; Giovanni da Fontana, a Venetian engineer, described 
rocket-powered torpedoes that could skip along above, or even go below, the surface 
on the way to the targets. In the 16th century, Conrad Haas, a German pyrotechnic 
expert, made sketches of multistage rockets in which the first stage was designed to 
consume itself so that separation of the stages was not necessary (fig. 3). Haas 
also developed a swept-hack guidance fin, and in another instance, sketched a house- 
like structure attached to a rocket which might be interpreted as a preconception of 
future manned rocket-propelled flight. The art of rocketry also found its way into 

India around the 14th ct>ntury and played a part in several wars. In 1750, the French 

army cane into contact with Indian rockets. The Indian rocket forces were used in 
several battles with the British near the end of the 18th century. The Indian 
rockets were varied — one consisted of a 10-inch long, 2-1/2-inch diameter iron case 
lashed to a sword blade. Others were sharp-tipped bamboo poles of about 1-V2 inches 
in diameter anJ up to lO-teet long. Ihe weights were from about 6 to 12 pounds. 

These rockets could be tired along conventional aerial trajectories for about a 
thousand yards, or could be fired along nearly horizontal paths near the ground. 

They were effective in killing up to as many as 6 men, but were especially effective 
in harassing, in startling troops and horses, and in setting off ammunition carts. 

The Indian rockets were reported to oe simple, easily carried, inexpensive to make, 
uncomplicated to operate, and readily produced--stil I desired traits today. They 
were not especially accurate, but could be fired in great numbers. 

A British army colonel, William Congreve, became fascinated and quite impressed 
b' tlie Indian missiles that he had personally encountered, and he began experimenting 
wUh rockets in the early 1800's. Congreve's solid propellant rockets contained 
powder and metallic particles in the nose that exploded on impact. Congreve developed 
rockets weighing from about 6 pounds up to about 300 pounds--the latter being about 
8 inches in diameter and carrying a bO-poiirul warliead (fig. 4). Ihese rockets joon 
became standard equipment with the llriMsh. With somewhat questionable success, the 
Congreve rockets were used by the British navy against the French fleet in Boulogne 
harbor in 1806. With considerable success, the Congreve rockets were used by the 
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British in the Napoleonic wars and the city of Copenhagen was essentially f ompl etely 
destroyed by Incendiary rockets in 1807. The siege continued for almost three days 
and the estimate of rockets fired ranges from 2b,u00 to 40,000. Kockets were exten- 
sively used by the British in the War of 1812 and, during the siege of ft, McHenry in 

Baltimore, inspired Francis Scott Key to write the "Star-Spangled Banner" and 

talized the words "by the rocket's red glare." Thus, before the 19th century was 
over, hundreds of thousands of rockets had been manufactured and fired under a variety 
of circumstances. Other recorded occasions wherein rocxets were used include the use 
by the forces of Joan of Arc in 1428 at Orleans; tne Battle of Waterloo in 181b; 
during the Chilean independence movement; in Peru; the Burmese conflict of 1824-2b; 
during the civil war in Spain that ended in 1840; the Chinese Opium War in the early 
1840's; a French-British attack against Argentina in 1846; the Crimean War (18b3-56) 
in which all combatants used rockets; the Indian Mutiny of 1857; the British 
Abyssinian campaigns of 1867-68; during the Gold Coast action in Africa (1873-74); 
the British war with Benin (Nigeria); the Sudan conflicts of 1885 and 1896. Rocket 
warfare had touched all continents and rocket programs, or rocket use, had involved 
many countries — China, India, Britain, Russia, France, Germany, Austria, Italy, 
Denmark, Sweden, Africa, Spain, Prussia, Colombia, Mexico, Uruguay, Argentina, and 
the United States. 

During this period, William Congreve had developed the solid-propellant, stick- 
guided rocket to about its maximum capability. Congreve had recognized and proclaimed 
some of the fundamental features of rockets such as, "the very essence and spirit of 
the rocket system is the facility of firing a great number of rounds in a short time, 
or even instantaneously, with small means;" "the projectile force is exerted without 
reaction upon the point from which it is discharged"--gi vi ng rise to ship-mounted 
launching platforms and eventually to air-launching and man-portable launching. He 
also recognized the tremendous psychological effect; tremendous penetrating power; 
merit of explosive incendiary and shrapnel warheads; and the high degree of mobility. 

All Congreve rockets were stick -guided, with the stick lengths depending on the 
size and weight of the particular weapon. While the sticks were a definite help, a 
certain amount of inaccuracy in individual rockets was usually present. Of course, 
the rapidity with which a great number of rockets could be fired; the fact that they 
were light, mobile, produced no recoil; were not size-limited; were inexpensive; 
tended to build-up speed on the way to the target; and left a fiery tail behind all 
were factors that gave rockets certain other advantages over cannonballs and shells. 
Congreve made some improvements in the stability of his rockets by tailoring the 
stick length and eventually changed from the side (or laterally) mounted stick posi- 
tion to a center stick position. This change also facilitated tube-launching of the 
rockets. He also recognized that account must be made for the continual change in 
weight and the shift in center of gravity for a rocket in fl ight--factors that still 
must be considered today. 

One solution to improve the accuracy and remove the guidance-stick was known to 
be through spinning the rocket in the same manner that cannon-launched projectiles 
spin. An Englishman, William Hale, addressed himself to this problati beginning in 
about 1839 and developed a stickless, rotary rocket that was given a rotary motion by 
directing part of the exhaust flame through slanted exits. He received a patent on 
the rotary rocket in 1844. His spin-stabilized rocket was alsn patented in the United 
States and the process was sold to the U.S. Army Ordnance Department in 1846. His 
Ideas were net adopted in his native Britain until the 186U's when the Hale rocket 
was issued to British artillery men in time to be used in the African campaigns. 
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disbanded In 1933 after training a core of German 

L ^ world's first large, liquid-propellant 

rocket, the V-H. of World War II fame. nop. p.iiarn. 

In the U.S., Robert Goddard had prepared a (>aper in 1919 entitled "A Method of 
Altitudes." in which he alluded L the possibility o1 sh^ting f 

f^solid^n^LIT^'a experienced problems with the pellet imperfections 

fir!? 1 ? around I9ii0, began experimentation with liquid fuels. His 

first 1 quid-fuel rocket flew on March 16. 1926 for a distance of 184 feet! By 193b 
reached 7b,00U feet and speeds of over 7UU niph. By the late l93U's 
s?ientisr^ professional circles as probably the world's forLst rocket 

fon^wla hie” r ^ was wel known to many, including the German Rocket Society, who 
followed his work very closely. American rocket enthusiasts formed the American 
Society in 1930, later changing their name to the American Rocket 

of roJketr! stimulated a growing awareness 

OT rocketry in the American public and many members of this group, together with 

German scientists who were later to come to this country following K War 11 

would be responsible for the development of missile and space programs In tlieuls. 
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considers that, at that time, the entire 
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lh(‘ II. S. was I t) feel Uit? effects of this yrowth startiiit] 1ti Uo(.<iiihcr 1941 at Pear l 
Marhoi . ihe (iennan, Ita) ian, and ilapanese air fortes proved to hr* exceedintjly 
devastatiinj (luriiu) World War II, hut have berm more or less contained since I hr* 

Allied victory in 194h. Amoiitj international [lowers, the Soviet Union remain-, trniay 
with tin* larpest air force the world has ever known. 

German Activities .- Returniinj now to ttie early 30's in (iermany, many events 
contributing to the' growtli of missilery were occurring, all of which cannot he 
covered in this paper. Uberth successfully firr*d a liquid-fuel ro( ket motor in July 
1930. Johannes Winkler (who organized the German Rocket Society) went to work at 
Junkers where he studied the feasibility of solid rockets for rockr*t-assi sted takeoff 
of heavy airplanes (later to be used for missiles as well). Winkler also worked witli 
liquid-fuel rockets, and in March 1931 was successful in launching the first liquid- 
fuel rocket in Europe. A team headed by Rudolf Rebel, who had been an assistant to 
Oberth, was formed in 1930 to continue the work of Uberth, who had returntd to his 
teaching post in Rumania. Among the team members was Wernlier von braun. A water- 
cooled liquid-fuel rocket motor was developed and flights were made with the rocket 
motor nose-mounted and pulling parallel fuel tanks up by the fuel line:. Later ver- 
sions used a tandem-tank arrangement, and about 95 successful flights were made in 
1931 to altitudes of 1000 to 1500 feet. These flights attracted much publicity and 
the Ordinance Uepartment of the German Army (Reichswehr) became interested since it 
appeared that rocketry offered a legal approach to a long-range weapon unrestricted 
by the Treaty of Versailles which placed limiting provisions on classical artillery. 
The Army was interested in supporting the rocket development, but insisted that all 
publicity and showmanship must stop and that the work be seriously pursued in secrecy 
at the Army artillery range at Kummersdorf, Rebel and many other independent rocket- 
eers declined the Army offer, preferring to continue with the showmanship and world- 
wide contacts with other rocket enthusiasts rather than adhering to strict Army 
classification. However, in the fall of 1932, von Braun graduated from the Berlin 
Institute of Technology and was approached by Colonel Docter Karl Becker, who was 
chief of ballistics and ammunition for the Army Ordnance Department and also held a 
full professorship at the University of Berlin. Colonel Becker offered a research 
grant funded by the Army to von Braun which would permit von Braun to earn his doc- 
torate based on secret work to be performed at Kummersdorf on the combustion pro- 
cesses in a liquid-propellant rocket motor. In November 1932, von Braun, with one 
technician, began work on his doctoral thesis on a remote test site of the 
Kummersdorf Proving Ground. In January 1933, a small water-cooled alcohol -1 i quid- 
oxygen motor was tested that developed a thrust of 310 pounds for 60 seconds. Later 
in the year, a 660-pound motor, regeneratively cooled by its own alcohol flow was 
successfully tested. The group of scientists increased in number and von Braun, at 
the age of 20, became chief of the experiment station. The time had come to build a 
flyablo rocket. Six months later the rocket, A-1, was ready but delayed ignition 
resulted in an explosion when launch was attempted. Later in 1934, von Braun had 
earned his Ph.l). in physics, and a redesigned rocket, A-2, with a gyroscope stabi- 
lizer located near the center of gravity was ready and two were successfully launched. 

Hitler, who had come into power in 1933, became interested in rockets as weapons 
in 1936, and initiated tlie construction of a vast Army — Luftwaffe rocket research 
center at Peenemunde on the Baltic Sea. Peenemunde consisted of a Luftwaffe-operated 
airfield for testing rocket-powered airplanes and an Army -operated research and devel- 
oimient center complete with wind tunnels. In April 1937, the Kummersdorf group moved 
in and von Braun, at the age of 2b, was named the teclinical director of the Army 
complex. 


7 


lollowlfii] t:lie suf.ccjs'i of tin* l\-?t the iiior(* liiyhly sophi sticdto<1 A-3 on tlio 
drawifit) board*.. It was I?I^-f(>(*t lofnj and was to bo |towon*d by a 3XnO-|joiind thrust 
(Mtijjiii* that would opofati* for 4'> ‘ioconds. It wa*. to have a Uircc-diincri’.i ooa I <jyro 
control system with .jot rudders and actuators. Hany new innovatio'i*. wofs^ als.; 
included in the rocket motor. In l)(!ceinber three A-3 launch .ittfsnja*. va*r'e mo.:*' 

and all threi* failed. Use was nade of the wind tunnels to redt;si()'i the tail fins; 
the C(»ntrol '.ystem was completely redesiyned; tiu; fuselaye was redesi(jnt'<l ; ami a lu'w 
fotjr-channel telemetry liansinit a;r' was installed. The revised A-3 did not have 
supersonic ca()ability but s<‘rvel as a prototype tor the larger A-^ to follov<, which 
would have supersofiic capability. The modified A-J was redesiyr.ated the A-!., in 
order to avoid the stigma of the A-3 failures, and in tfie summer of 1939, shortly 
before the beginning of World War II, the first flight of the A-b with the new 
guidance system was a complete success. During the next two years, about twenty- 
five A-b's were launched. The Ordnance Department still wanted a field weapon with a 
large warhead and a range substjntially exceeding that of artillery, however, so the 
concept of tne A-4 (scaled up A-3 or A-b) was resumed. The calculations indicated a 
rocket about 4b-feet long, b.2 feet in diameter, a launch weight of 26,000 pounds, a 
warhead of 2200 pounds, a range of 270 miles, and a thrust level of 65,000 pounds. 
Thus the A-4, later to be known as the V-2, came into being. A large supersonic wind 
tunnel, and other test facilities, including an elaborate guidance and control simu- 
lation laboratory at Heenemunde, were used to atiswer the many unprecedented questions 
related to flight at speeds up to five times the speed of sound. In the spring of 
1942, the first attempt to launch an A-4 ended with an explosion at launch after a 
fuel -feed malfunction. Four weeks later, the second A-4 passed successfully through 
the transonic range but, after forty-five seconds, began to oscillate and broke 
apart. After some structural reinforcement, the third A-4 was successfully launched 
October 3, 1942, accelerated for sixty-three seconds, reached a Mach number of about 
4,7 (4400 feet per second), an altitude of about 27b, UOO feet (52 miles), and a range 
of 116 miles. For the first time, a man-made object had left the atmosphere and 
reached the fringes of outer space. The first V-2 vengeance weapon was fired against 
London on September 7, 1944, and over the next year about 3600 V-2's were used 
against England and Antwerp, Belgium (fig. 6). 

There were other developments at Peenemunde worth noting--the Luftwaffe, not to 
be outdone by the Army, developed a winged, subsonic cruise missile powered by an 
air-breathing pulse-jct engine. This missile, to become known as vengeance weapon 
one, V-1, was catapult-launched, controlled in flight by inertial guidance, and 
employed a predetermined engine shutoff time when the weapon would then dive on its 
target (fig. 6). The first was launched against London on June 12, 1944, and by 
March 1945, about 9000 V-l's were launched against England and another 12,000 against 
Belgium. The subsonic V-1 was more vulnerable than the V-2, but it was also much 
less expensive. 

Another development at Peenemunde was the A-9, which was a winged version of the 
V-2 (A-4). The purpose of the A-9 was to increase the range of the A-4 by taking 
advantage of the tremendous kinetic energy available after power cutoff and extend 
the aercdynamic glide through the use of wings. Two A-9's were flight-tested during 
the winter of 1944-45 — the first being a failure, and the second being successfully 
launched and reaching a Mach number of about four. Further plans included a manned 
A-9 with a pressurized cockpit and tricycle landing year that would have a 40U-mile 
range at twice the speed of sound. 

One other development at PeetUMiiunde, that will be discussed in more detail, 
the Wasserfall, surtace-to-ai r , guided missile. In the winter of 1942-43, the 
nrowitiy Allied air tlireat caused the German Antiaircraft Command to ask for the 
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dnvfli)|mi(MiL of ,1 (Jimii'fl iuitiriircrdtt rocket. The iJro(jr<iiii director, Lodwici Hotli, had 
the former a(>rod 7 naiin c dvoamjc institute at Karishaqen assigned to the task, and a 
summary of Uie devel oimiem. , compiled hy Ur. Herman Kur/wo!) in a douiment <>nfitled 
Ihe Aerodynamic Ueyelopnient of the Antiaircraf t Kocket Wasserf a| I is art intiMestinn 
accoun , of tin? problems and solutions that wore lactrd, Uptimi/ation studies of thr? 
missile si/e arid ran.jo (less rainje rerphriny more batti*ries) dictahjd a body diamett‘r 
of -U (mi (J... Id in.) arid a len(|fh of lilo cm (i^b.o ft.)— about half the si/e of an 
J' . recimrements were simply stated, callimj for surlace launch at zero 

velocity; to reach a maxlinum velocity about three times the speed of sound at an 
J ft); be control I ..>d from the yrouiul to a distance of 

DU km (Ji in1.) or equipped with a taryet-seekiiuj device; be able to neuotiate turns 
in order to pursue enemy airplanes and cope with evasive maneuvers. Trajectories and 
tliyht conditions are ihown in tiyures / and H. 

made of the basic design of the A-4 since that was the only 
vehicle that had successfully achieved such speeds and altitudes (including traversing 
tne transonic range). Since steering by means of rudders was to be employed, the 
experience gamed from wind-tunnel tests of the guided glide version of the A-4 was 
also used. Ihe characteristics that were investigated during the development of 
Wasserfall are fairly reniarkablt? in their revelation of an understanding of the 
problems involved with maneuverable, guided missiles, and the thoroughness with which 
the problems were pursued. These characteristics (fig. y) and some remarks from 
Dr. Kurzweg's commentary are: 


The requirement for turns of small radius at high speeds required 
thi' addition of lifting surfaces to produce the necessary lift. 
Deviating from conventional airplane design, a symmetrical cruci- 
form wing, in addition to the four-tail fins, was selected in 
order to provide rapid response to maneuvering control signals. 
This idea also led to the investigation of an annul ar wing, but 
this scheme was precluded because of the high drag measured 
during wind-tunnel tests. A load factor of 12 was selected to 
provide an excessive maneuver margin of about 2 over manned 
fighters and about 6 over bombers (obviously the greatest concern 
was the Allied bomber threat). The characteristics of the body- 
tail were well known from the A-4 tests. It was calculated that 
to develop the required lift from the body-tail, very large angles 
of attack would be necessary, entailing intolerably high drag and 
unfavorable lateral forces. 


Another consideration was the necessity for keeping the center of 
pressure of the missile constant as much as possible at all speeds 
in order to obtain low control force requirements. The variation 
ot center oT gravity inherent with fuel consumption was also taken 
into account. The large variation of center of pressure with speed 
and angle or attack was already well known from the A-4 tests. 
Considerable tailorimj of the winy and tail plantorm, size, and 
location was accomplished in the wind tunnel before the final con- 
fiyuration was selected (^3 wings were investigated, for example), 
^ome of the configurations investigated are shown in figure lU. 

In developitKj the controls, consideration was yiveri to, the fact 
that steering must be maintained from zero velocity to three 
times the speed of sound, under power and also during coasting 
flight. Aerodynamic control was selected because of the coasting 
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flight iiian('uvc.'r r*M|ui fi*iiif‘nt. lor tin* lautuh (iltaiw (ru'iii 
velocity), jet rofldrr'. (iiade of ijraiJhite were mounted to the inboard 
end of tlie ru<ldi*r shafts. Ttie control d(‘veio|jiiuMit also entailed 
detailed pressure distribution measuretnents for many shapes to 
ensure low hinge-moments. The tradi* between i udder si/e and r udder 
deflection was also considered from th(> standpoint of control 
effectiveness, control hinge-moment, and trim drag. 

Koil control was also a required subject for study since- it was 
recognized tliat roll would adversely compl icat4> the guidance 
system and that resonant coupling oscillations might buihl u|). 

Roll was expected from possible manuf ac;tur ing inaccuracies and 
from the oblique flows developed during maneuvering flight. Winy 
ailerons and differential rudder defltn;tions were investigated 
with differential rudders being selected since ade(|uate roll 
control was produced by the rudders and a se|)arate actuator 
requirement was avoided. 

Aerodynamic interference flow fields were also Investigated. Ihe 
disparity between the zero-and 45-degree roll planes was studied 
and the effects of panel -to-panel flow as well as wing-to-tail 
flows were investigated. Overall considerations of these effects 
led to the inline arrangement of the wing and tail as opposed to 
an interdigitated arrangement. 

The effect of the jet stream on the afterbody drag was determined 
and the effect of the jet plume on the aerodynamic damping was 
tested, using a model with a compressed air jet. These data were 
used to optimize the body boattail shape in view of the increased 
drag at subsonic speeds and the decreased drag at supersonic 
speeds. The damping tests also revealed that the aerodynamic 
damping factors at supersonic speeds might be increased by as 
much as 30 percent due to the jet effect. 

One other area of interest in the development of Wasserfall was 
the use of surface pressure distribution tests and heat transfer 
tests from viork done as early as 1941. This effort was necessary, 
because of the extreme flight conditions, to insure structural 
Integrity, and to determine the extent of heat effects on the fore- 
body material which housed a warhead, the target tracking equipment, 
and an optical fuse. 

Thus, the Wasserfall (fig. 11) represents the comprehensive manner in which the 
German scientists at Peenemunde understood the problems and were able to develop a 
maneuvering, supersonic, surface-to-air, guided missile system over 3 decades ago. 

The Wasserfall was never placed in operation, 44 experimental flights were made, the 
majority of which were successful. As the war ended, the vehicle could be maneuvered 
from the ground with a control stick, and a fully auttxnatic hookup to an analog com- 
puter which developed steering signals from a target-tracking and missile-tracking 
radar was partially completed. An optical proximity fuse had also been developed 
which was desi«|neri to explode the Wasserfall 's warhead at the point closest to the 
target to assure that even a near-miss would he lethal. Although the Wasserfall did 
not reach service operation, a few less sophisticated German missiles did, and guided 
missile warfare prohaiily had its beyininy in August 1943 with the use of German radio- 
controlled, rocket-powered, glide bombs against ships. 
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II w<i‘i thr. kiiKl of oxporti'.o ttidt oxistinl <tl, I'oetninundo wh<*n, nn Atj<jusi 1/, 

I94.i, fhc iii'.t.dl Idl ion wds bomlx'd by nodrlj (jOO Koyal Air lorr»* l)oi,il«*rs, dfci liiLler 
ordered l lie vdioU* loi.ket produr t; i nil under<|round . Altliou')h t his r.nf.ed del (ifir- 
fiuil.irly in l.lu' <ulv. lined |)|oJ(*(f', , the prodint ion of the V-? re'.nlted in tin- ',t<irt. 
of It’. dev-iM.itiini oino.itioii in ;,e(itemher In Mdieli I'lAh, when Kie.-.i.in tofies 

were within lUi) iiiile*. of I'eenemnnde, iiidny of the to[» m, lent i <,t‘. tfiere, imliidlinj von 
Htdon, ( [lose to fdll into AiiK'i icdii hdnds drid iitovf'd to lidvdi id to dwnit ( it|itof e. Miiny 
othef 'i will) remained at I'eennntiiide were Mihsf'(|uen(. ly td|)tnr<‘d hy tlh' Ide.siaii'. when the 
Ser.ond White Army o(<ii(iied I'eenemnride on May (i, l'i4h. Uridi'r Colonel l|o|i)er loftoy's 
direi.tion of the II. S, ii|.eration l*d|iert;| j (i, von liraun and l/'O othin to|» (jeiiii,iii m ii'ii- 
tisLs were hand"|)lcked throuijh interviews and hrmnjht to the tl.h. between late 1‘iAb 
and tlie suiiiiiK'r of UMb <irid stationed at fort bliss, Texa’.. Then' they were to resume 
fli<|ht tests at thi* White Sands Proving (irounds in New Mexico, usiin) V-P roikets eva- 
cuated by Colonel lofloy from the nndenjround liar/ Mountain produc tion plant befori? 
that area was turned over to the kussians under terms of the Yalta ayreeiiieril. Ihe 
tiiiiimj was close. Tlius it was that the IJ.S, becjari to yain experience with missiles. 
Durifuj a five-year proyram, 68 tierman V-Ii's were fired at White Sands of which only 
about half were successful. (The Germans achieved about a /b-percent reliability 
duriny combat with the V-I?.) Un Kebruary i!4, 1949, a two-stage Bumper-Wac (a U.S. 
corporal secoiul-staye rocket on a first-stage German V-^) was launched to an unprece- 
dented altitude of about ZbO miles. The development of U.S. ballistic missiles was 
beginning to take shape. 

U.S. Actiyites. - A digression at this point is necessary in order to look at 
other activities in the U.S, duriny the turn of the decade from the 1940*s to the 
19bU's as the missile involvement spread through the military services and the 
industry. In addition to Army Ordnance, other branches of the military involved in 
missile projects were the Air Force, the Navy Bureau of Ordnance, and the Navy Bureau 
of Air. In October 194b, the U.S. Army Air Force invited selected aircraft companies 
to submit proposals for participation in a guided missile development program. The 
contractors were free to propose winged airbreathing cruise missiles, or ballistic 
missiles, with ranges from 20 miles to 6000 miles. One of the successful bidders was 
Convair, whose proposal, the HX-774, was purely experimental (no payload), and 
appeared to be a scaled-down V-2. Some innovations, however, included use of the 
outer shell as the wall of the fuel tank (thus saving weight), and the use of four 
separate gimbal -mounted motors to provide thrust and control (thus eliminating tail 
fins). Three MX-774‘s were launched at White Sands in July, September, and December 
1948, All were successfully launched, but each experienced premature power cutoff 
due to a vibration-induced valve failure. Nevertheless, important lessons were 
learned and subsequently Convair was selected by the Air Force in 1951 to begin the 
development of what was to become the free-world's first ICBM, the Atlas. 

Development also began in 1945 for the winged, ai rbreathing, Northrop SM-b2 
Snark, which had intercontinental range of 5000-6000 mi 1 es at high subsonic speeds 
and used celestial guidanc'j. Snark had many problems, so much so that the Atlantic 
Ocean just off Capo Canaveral was often referrred to as the "Snark infested waters." 
Snark finally went into limited iiroduction as an unmanned supplement to the SAC B-52 
fleet in 1958 but was witlidrawn in 1960. Amort? advanced project, the Nortli American 
XSM-64 Navdlio, was begun by the A1r Force in 1947. The Navaho concept was a rockel- 
boostod, ramjet-sustained missile that was ultimately intt?nded to cruise at a Mach 
number of three and have a maximum range of 5000 miles. The radio-controlled recov- 
enable test version, X-lU, made several successful fli()hts beginning in 195T. The 
rocket-ramjet version of the SM-64 made 11 flights between 1956-58, successfully 
tlemonsl. rating the rocket-l>oost , ramjet operation, cruise at Macli 3, a range uf 
2000 miles, and many technology advances in aerodynamics, propulsion, guidance. 
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‘.I.nn , ni.il (>t 1 . 1 1 |ji|iri(l rni.kcl mol.rit';. WiUi *.h( ( I (j it.-, 

r.r<‘iljl, M)i‘ H.iv.itio w.i‘- «»li( I y (,.iiii:c I I <‘d in I'*'*/, i)|i|nii I y in l.ivor <il 1 1m rojiiiii'j 
o( I )i(‘ Ilic l ii ‘,1 MJr I n -t I d( (• ()ui(|nd mi '<■, i 1 <■ , t lu' H.if t, in 

IM ()1A M<il,<ulni , wa*. .il'.n IxMjmi l.y l.li,' Air lurtc in Ihn liil .idor w,c. Mitn.on i<. 

.Kid *Hd .1 r.ini|(< of ,d»ont. /OOmj).-',, Ihi* Mdtddor wd*. (lc(i)oyi*u in IKSA, I" t [dias •) -vul 
in Idid) in t.iviii of Llin M.ift ifi (-(.f-i-l J M.i'. n wliH.li nsnfl a .juid.tiu n ‘./‘.I nn t lial |M'f 
mitt.cd |(JW Irvnl 1 1 i.|lil. Iiy of r.ular tnnaln iii.i|) ntdt.c.ii imj. Itin Mate, in turn, 

Wd‘. [di.K.nd not by l'i/0. 

A t undaiii.Kil . 1 1 firoitlnit with l.tn* .nlynnt of i(ind(‘d ini'. ‘>i In tnilinoln.jy in Urn 1),'.. 
a|)|n>.(f'nd to he thn firoM fnrat ion of systniis within tiin snrviic, and thrmioliMiit I hn 
Industry and acadtiiiic finhis with almost c*vnryonn having a inis‘.iln study or rontrant 
of sonic typo. Ihnre was no national program or ftlan. hy 1P4H, tim Air tone had nine 
basic guided iiiissiln proijraiiis witli the aircraft industry. Hy the had about 

Jfb active missile projijcts divided among more than 1/ ma.ior airframe pi anti. , a en(|inn 
plants, 9 component plants, about 11 lahoratorins not normally associated with air- 
craft production, as well as numerous service labs and instal lations. by contrast, 
the bennan organization had been heenemunde. While backed up by numerous plants aid 
institutes furnishing parts or knowledge as the need arose, the central brain-(.dwer 
with a definable set of national objectives was concentrated at Peenemun.:t . 

The U.S. Army took steps to unify their missile activity in I9bl) by roving the 
German Paperclip group (augmented hy about 4UU Americans) from Fort Uliss to the 
Redstone Arsenal in Huntsville, Alabama, which Major General ioftoy perceived as 
becoming the future home of Army guided missiles, boon the Army Ordnance Missile 
Command under Major General John llruce Medaris would come into being. Headguartered 
in Huntsville, the Command includeu the Redstone Arsenal, Army Ballistic Missile 
Agency (ABMA), Army Rocket and Guided Missile Agency (ARGMA), White bands Proving 
Ground, and the Jet Propulsion Laboratory (JPL). 

The Air Force began managing missile programs in the early I9b0's, through 
organizations such as the Air Research and Oevelopment Command (ARDC) under 
Lieutenant General Thomas S. Power, that included a deputy for Weapon bystems with an 
assistant for Guided Missile Systems; a Systems Management Uirectorate with a deputy 
for Missile Systems ; a Western Oevelopment Division for ballistic missile development; 
Air Force Missile Test Center (Patrick); Air Development Center (Holloman) under which 
came an Aircraft Missile Test Directorate for air-to-air missiles, missile counter- 
measures, air defense missiles (SAM's), bombardment missiles (SSM's and ASM's), and 
drones (HPV's); Air Force Flight Test Center (Ldwards) for rocket engine testing; Air 
Force Armament Center (tglin) primarily involved, at that time, in guns and amunitlon, 
rockets, bombs, and biological and chemical warfare. The Wright Air Development 
Center (Wright-Patterson) also became a contributor to missile technology primarily 
through the Weapons Guidance Laboratory. 


Navy work in missile development began about 1941 when an Office of Scientific 
Research and Developmi'iit sponsored group under Hr. Hugh Dryden, began wirk .it the 
National Bureau of Standards on a series of glide-missiles which included the 
tele', i siei, -guided Robin and the semi acti ve-radar-guidi'd Pelican. In 1941), tlie pro.ir.mi 
culminated in the acti ve-radar-guided Bat which was [irobably the first automatic 
homing guided missile t'« be used in combat by any nation. Following World War II, 
the NIiS group, under Navy sfionsorship continued missile developim'iit work wi Ui Mu' 
Kifiyfisher missiles. Puffin and Grebe, and the toriiedo-c.irryi ng Pi'trel. In 191)1, 
with two tyfx's of surtace-to-subsurface and ai r-to-snbsurface missiles in production, 
and slii ()-to -shore inis'.iles in advanced development, the Navy began some consolidation 
of its missile activities. The MBS Missile Hevi'iopment Division and several otlier 
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related groups were transferred from Washington to Corona, California in 19bl. In 
ig'jJ, the Corona laboratory was transferred to the Bureau of Ordnance and becante the 
IJ.:,. fjaval Ordnance Laboratory--Corona (N0L--White Oak was already in exi str.'nce) , and 
in 19b‘i becaicie an activity of the Bureau of Naval Weapons. The N0L--White O.ik group 
was closely associated with the Applied Physics Laboratory, Johns Hopkins University, 
anti was already engaged in many missile related programs. Concurrently, the Navy 
untier ObKO was sponsoring aircraft rocket development work at the California Institute 
of Technology. In 19‘li, that activity was moved to the Mojave Desert near Inyokern, 
California (China Lake) and the Naval Ordnance Test btation (NOTb) was established 
pnirtarily for the purpose of testing aircraft rockets, thousands of which were used In 
the closing days of tlie war. In 1945, the China Lake Installation was absorbed by the 
Bureau of Ordnance. In 1967, NJL--Corona was merged with NUTS — China Lake and the 
organization became known as the Naval Weapons Center, a permanent installation of the 
Naval Materiel Command. In the early 1970's NWC— Corona was closed and merged at 
NWC — China Lake. 

It is recognized that other organizations were involved and are currently involved 
in missiles that will not be specifically mentioned. However, it is hoped that the 
broad cover-’ge of the various service activities will serve to indicate both the 
intensity and the complexity of birth and growth of missile developments in the U.S. 

In an attempt to bring order out of chaos, the U.S. created the Office of Guided 
Missiles under K. T. Keller, Chrysler Motors Board Cnairman, in the early I950's. 
Almost immediately, Keller's office ordered three missiles into production: 

0 Terrier, for Navy air defense. This was an outgrowth of the APL bumblebee 
program of BuJrd and went into production at Convai r--Pomona and slated for 
early deployment on the converted guided-missile cruisers Boston and Canberra. 
Terrier is still in the inventory as the KIM-2. Terrier was followed by Talos 
and Tartar--tne triple T. 

0 Sparrow, for air combat. This missile was developed by Sperry Gyroscope 
Corporation under BuAer sponsorship and went into production at Sperry at 
Bristol, Tennessee, and at Douglas Aircraft under subcontract. The Sparrow 
concept has been perturbated many times and is currently in the inventory as 
the AlM-7, 

0 Nike, for anti -air defense. Sponsored by Army Ordnance, this missile was a 
joint development program by Bell Telephone (Western Electric) and Douglas 
Aircraft. The Nike was the progenitor of a family consisting of Ajax, 

Hercules, and Zeus--none are currently in the U.S. inventory. 

After these first announcements from Keller's office, a number of further 
contracts were reported by 1953, These included: 

t Kegulus (I, subsonic airbreather, and later the Regulus II, supersonic 
a1 rbreatlier) Navy BuAer, Chance Vought long-range cruise missile for surta.ce- 
to-surface bombardment, never operational. 

0 Corporal, Army Ordnance surface-to-surface missile, based n the German V-2 
technology, to be built by Firestone Tire and Rubber Company, now phased out. 

0 Redstone, Army Ordnance surtace-to-surface missile developed by tiie Lierman 
Paperclip group at Redstone Arsenal, to be produced by Chrysler, phased out. 


0 Rascal. USAI Bell B-p, based on the X-1 desiyn, classified as a bombardment 
weapon, intended to be air-launched against surface targets (ASM) with a 

^ Hasserfa 1 wltn prospective outcome to be medium-range guided 
surface-to-surface missile. Sometimes referred to as first "American -made" 
gu^ed missile-the basic design having been done a Lc dVbefSre b^tTf 
Germans at Peenemunde. Never occupational. ^ 

° anti -air defense, barrage-type unguided fin-body rocket 

Dased on (*raan flak rocket Tatfon, prodoceU by'Bendtx. phLeJ ou?. 

system that was considered by many to be ahead of its time. The Lark was 
subsonic and was relegated to training purposes. 

0 USAF pilotless bombers Matador and Snark. previously mentioned were alreadv 
in production during the Keller regime. mentioned, were already 

0 Bomarc, USAF pilotless interceptor by Boeing, originally desianated F qq 
later the IM-99, and then CIM-IO Bomlrc was^a boilled Litet^SsUinel 

^ ''^"96 Of about 260 ^iles'at nefr?r?Sree 
times the speed of sound. Phased out in 1972. ^ 

originally designated F-9B developed to be the 
pi otless armament system integral to the Convair F-102 interceptor The 
Falcon was iterated through the GAR series and eventually bS th^ current 

^ heat-seeker air-to-air missile (AAM), perturbated many 

times, currently in the inventory as AIM-9. pciLuiuaiea many 

° Mach’^intPndpIJ^r^^r^^"* ^ 1500-pound, ramjet AAM with a 20-mile range at 
wafeanieffed! intercept of large aircraft but the project 

0 Meteor, Navy buOrd/MIT/Federal Telecommunications Lab/Bell, a 500 oound AAM 
using a phase-comparison fixed antenna, homing seeker guidance system Many 

technology advances were accomplished but the project 2a s excelled ^ 

° 3 1 r-to-uh der-suhf ac6 homing torpedo, airborne 

. engine to impact with water when appendages sheared off and 

torpedo homed on target. Relegated to training role. 

0 Honest John, Army Ordnance/Douglas surface-to-surface battlefield rocket. 

0 Lacrosse, Army Ordnance/Cornell /Mart in surface-to-surface close-support 

to be ’ 

0 Nigel, Navy BuAer/Grumman surface-to-surface, long-range missile with 

integral ramjet propulsion. Project relatively sLt-Hvecl and wa^cancel 1^ 
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0 Firebird/Ryan, a missile that never went into production but one that should 
be mentioned since the first postwar worr on air-to-air missiles for air 
annament was typified by the 10-foot IoTj, fa-inch diameter Firebird that was 
a forerunner of missiles to come. 

Needless to say* countless other missile systems have been pursued, many of which 
were outgrowths of the preceding list of missile programs, and others have been con- 
tinual attempts to fill apparent gaps in the missile inventory, txamples of such 
sytems are Flawk and Redeye to provide field army air defense, Hounu Dog to provide an 
air-launched, long-range, stand-off ASM capability as an extension to strategic 
bomber capability, and Skybolt to provide an air-launched ballisti': missile system. 

U.S.S.R. Activities .- For the. historical record, it is necessa<y to return to 
Peenemunde at the time of the arrival of the Red Army in 1945. The Russians were not 
without experience in rocketry, having the background knowledge of men like Tsiolokvsky 
working with liquid-propellant rocket principles beginning in 1903. Others contribut- 
ing to rocketry applications Included Tsander and Kondratyuk. The Leningrad Dynamic 
Laboratory was formed in 1928 and built a series of monopropellant and bipropellant 
liquid rockets in the early thirties--more than 118 motors being tested between 1937 
and 1944. Some of these motors were used by the Group for the Study of Reaction 
Propulsion, Moscow, which became known for developing airframes and missiles. The 
Russians also developed a family cf solid-propellent, short-range, tactical weapons 
and made massive use of them in World War II. Among the more renowned for their 
devjstating effect was the Katysusha (Stalin's organ pipes) and the KgAT antitank 
missile. Thus when the Russian Second White Army occupied Peenemunde on May 6, 1945, 
the Soviets were quick to recognize, and take advantage of, the German scientific 
expertise and began their own version of the Paperclip operation. Along with the 
roc<et center and production plants, the Soviets acquired hardware and other tech- 
nical information on many vehicles--the V-1, V-2, Rheinbote (solid-fuel, long-range, 
SSM), R-4/M (an ai r-to-ai r mi ssi 1 e) , Rheintochter, Wasserfall, and others. Although 
von Braun and the team of 120 top German scientists were in American hands, the 
Soviets acquired large numbers of lower level technicians and scientists. They did 
get Helmut Groettrup, an electronics expert, who was undoubtedly a valuable asset. 

More than 6000 Germans were moved to the Soviet Union and put to work on various 
missile projects. The Soviets also took several hundred V-2's for further evaluation 
and many were launched for training purposes, for upper atmosphere research, and pro- 
pulsion and guidance studies. A reengineered V-2 known as the M-101, equipped with a 
Russian rocket motor, had a range of about 400 miles (double that of the V-2) and was 
placed in production. This work was soon to lead the Soviets to a position of world 
leadership in large ICBM's (first launched in August 1957) and to the development of 
a powerful booster that succeeded in placing the world's first satellite. Sputnik, in 
orbit in October 1957. The German scientists were used by the Soviets to assist 
Russian teams in many varied projects. Typically, as these projects neared fruition, 
they would be cancelled and the Germans transferred to other work areas. The pro- 
jects would then be completed by the Russian team and the Germans would have little 
knowledge of the capability or purpose of the final product. The Germans were essen- 
tially isolated from the Russians as far as the practical aspects of the projects 
were concerned and when their talent had been exploited they were allowed to return 
home — most of them being returned by 1953. 

With the preponderance of German guidance experts in Russia, the Soviets were 
apparently quick to put them to work on the development of surface-to-surface missiles 
from the tactical battlefield type to intercontinental strategic types. In addition 
to the rapid deve1o[xnent of ballistic missiles toster«!d by the aid of the Germans, 
several other missile development trends occurred in the Soviet Union. 


ORIGINAL PAGE IS 
OF POOR QUALfTY 

For air defonse, the change from antiaircraft artillery (AAA) be()an with the 
development of unguided rockets by several countries. The liritish produred over 
5 (in 11 ion such weapons before the end of World War II for defense against tiie bennans. 
When the tide of the air war began to change, the Germans began a concerted effort to 
improve air defense systems by developing the solid-fuel June Bug and later the I iuu id- 
fuel Taifun missile which was used in World War II. Then came the Schmetterl iny . 
Rheintochter, Wasserfall, Enzian, Hecht, and Fuerlilie. Some of this knowledge almost 
certainly was fed into the early development of Soviet SAM's. The Soviet obsession 
with homeland defense and the relatively early date of deployment of the SA-1 and 
later the SA-2 would tend to indicate that German technology was quickly apiilied. 

The Soviets first demonstrated the value of guided air defense missiles when a sinylr 
SA-2 was used to down the U.S. U-2 in 1960. From these early beginnings, the Soviets 
have now developed a very impressive array of SAM's (fig. 12). These systems providt 
ca' defense over a very broad spectrum ranging from the man-portable close-in 
SA-7 to the high-altitude, high-speed (M = 6) SA-5. Some systems are mobile while 
others are emplaced. Propulsion includes solid and liquid propellent; pure rocket- 
a 1 r,. feathers ; ramjets; dual -cycle rocket ramjets. Various types of aerodynamic con- 
figuration and control systems are used depending upon the mission and environment. 

Old systems are retained and modified while new systems are periodically introduced. 

Air-to-air combat missiles also began with several countries developing unguided 

Mouse and Zuni. The Germans were developing guided 
AAM s by the end of World War II and again it is reasonable to assume that much of 
this technology was picked up by the Soviets and resulted in the deployment of the 

l95U's. The AA-1 has all-weather capability, was first deployed 
c" ■ f still in service on several airplane types in several countries, 

soviet AAM s are shown in figure 13 and again present an impressive array. It is 

^ development based on the U.S. Sidewinder. The rest of the 
AAM family displays a wide variety of configuration types and weapon sizes and are 
obviously intended to cover a broad spectrum of missions. Almost all of the Soviet 
AAM s are produced with a radar-guided version and a heat-seeker version to provide 
all-weather capability and versatility of operation. The only missile not retained 
in this inventory was the AA-4 wing-control missile that was shown in 1961 on the 
Flipper airplane. Neither the Flipper nor the AA-4 entered the inventory. 

An interesting development in the U.S.S.K. was related to the a1 r-to-surface 
guided missiles. The Soviets were intrigued with the V-1 project and produced 
several hundred (known as J-1) after World War II. This was followed by a J-2 which 
uf? ® engine probably developed from the British RD-45F which powered the 

MIb-15 (about 5000-pounds thrust). A J-3 was postulated which was thought to be a 
submarine-based missile. The Soviets also acquired the Henschel HS-293 and 294 
experimental ASM s from Peenemunde together with the guidance experts who developed 
them. It seems likely that this intense interest was a clear indication of the 
desire to develop cruise missiles--both surface-launched and ai r-1 aunched--and a 
recognition on the part of the Soviets of the value of stand-off cruise missiles. 

Having acquired the German technology by 1946, and having repatriated most of the 
Gennans by 1953, it appears that the Soviets had their active cruise missile programs 
well underway by the early I950‘s. This evidence is further supported by the 1961 
Tushino airshow when the AS-1 Kennel. AS-2 Kipper, AS-3 Kangaroo, and AS-4 Kitchen 
were all shown. These ASM's are airplane size and v-ry front subsonic, jet powt red, 
to supersonic, rocket powered with a range spectrum that varies from about bU miles 
to about 400 miles. These large ASM's have been followed by the AS-5 Kelt and AS-b 
Klngfish. More recently, the Soviets have turned their attention to smaller ASM's 
tor fighter strike-type mission with systems such as AS-7 Kerry (on Fitter airplanes) 
and other types believed to Include anti radiation missiles (ARM), and electro-optical 
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guided ASM's. In the surface-launched cruise missile family, the Soviets produced 
early versions of the AS-1 for tactical use, the SSC-2a Salish, and for coastal 
defense, the SSC-2b Samlet. The AS-1 and its derivative, the SSC-2, can almost cer- 
tainly be traced to the German Peenemunde group in Kussia. for ship-launched cruise 
missiles, the Soviets produced the SS-N-1 Scrubber for destroyers about 1960, and 
later the SS-N-2 Styx for patrol boats, and the SS-N-3 Shaddock for cruisers and sub- 
marines. The SS-N-3 was derived from the SSC-1 Shaddock that appeared in the early 
1960's both as an Army tactical missile and a coastal defense missile. The frequent 
use of a basic missile design for serving different service roles is a common Soviet 
practice. Wheti a specialized point-design system is required, then it will be pro- 
vided. Wherever multiple roles can be achieved without compromise, then a basic com- 
mon system will be used. The philosophy is sound with regard to providing broad 
coverage of both offensive and defensive missile systems and economical In the sense 
that different systems are not built to perform identical missions. 

The Soviet missile inventory also includes a series of anti-tank missiles (AT-1, 
2, 3, and 6), short-range tactical army missiles (Frog 1 to 7), medium-range tactical 
army missiles (Scud A, B, C, and Scaleboard), and strategic missiles (SLBM, IRBM, 
ICBM) numbering about 14 in service and at least another half-dozen in development. 

The Soviet inventory of missiles is indeed impressive from the standpoint of the 
variety of operational types available. The inventory is also impressive from the 
standpoint of quantity of missiles, notwithstanding the qualitative value. When 
considered with the sum total of all -Soviet military power, it should cause one to 
recall the military status of Germany in the mid-1930's when it was observed by 
Rickenbacker and others that German air power was geared to the point of being able 
to sustain the demands of any war effort beginning the day that war was declared. 


CONCLUDING OBSERVATIONS 

The development of rockets and missiles has played a key part in the history of 
mankind. From the days of David, to the ventures of war, and travf^l to outer space, 
it might be said that the "impact" of the missile has been felt on society, on his- 
tory, on economics, on politics, and on the lives of people. There is reason to 
believe that missilery will continue to play a part in the history of mankind for 
some time to come. 

Some world missile systems are listed in the following suimation. Some omissions 
and uncertainties are quite likely due to incomplete sources of information. However, 
some reasonably accurate statistical observations can be made. Currently, there are 
approximately 180 missile systems worldwide. Of this number, about 30 percent each 
can be attributed to the U.S. and the U.S.S.R., about 12 percent each to France and 
the U.K. , and the remaining 16 percent being distributed primarily between W. German, 
Sweden, Italy, Japan, Israel, China, and Norway. Of these identifiable systems, 
about 35 percent are surface-to-surface (ballistic and cruise), and about 20 percent 
each are air-to-surface and surface-to-air, about 13 percent are air-to-air, and 
about 13 percent are anti-tank. Thus, the bulk of the systems are to be found in the 
U.S, and U.S.S.K., and the predominant mission is surface-to-surface. 
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Figure 6.- Vengeance weapons. 





Figure a.- Flight conditions for air defense nissile 




MANEUVERABILITY TO EXCEED TARGET BY FACTOR OF 2 TO 6 
LOW INDUCED DRAG 


OF POOR QUALITY 



?u 


Figure 9,- Chardcteristlcs considered for air defense 





Fiyure 11.- Wasserfall configuration. 
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